Abstract. The current report describes a case of extragenital gestational choriocarcinoma in the kidney. A 36-year-old woman with a history of two deliveries of male babies visited the present hospital due to secondary amenorrhea following a positive urinary pregnancy test. Despite a high serum level of human chorionic gonadotropin, at 51,800 mIU/ml, diagnostic imaging methods and pathological examination did not detect any conceptus in the genital tract. Positron emission tomography-computed tomography detected 18 F-FDG-positive tumors in the left kidney and right lung. A fine needle biopsy of the renal lesion pathologically revealed the presence of choriocarcinoma and a subsequent polymerase chain reaction analysis verified the presence of a Y-chromosome-specific the sex-determining region Y (SRY) gene, diagnosed as extragenital gestational choriocarcinoma. Clinically, 10 cycles of EMA/CO chemotherapy were administered and an optimal response was obtained. In conclusion, this is the first report of the diagnosis of extragenital gestational choriocarcinoma by the detection of the SRY gene with PCR using biopsy samples.
Introduction
Choriocarcinoma is classified into two types: gestational and non-gestational (1) (2) (3) . Gestational choriocarcinoma affects women at reproductive age and is derived from pregnancies including hydatidiform mole, miscarriage, ectopic pregnancy and term or pre-term deliveries (4, 5) . Therefore, it theoretically contains paternal genes. The incidence of gestational choriocarcinoma is estimated in 1:40,000-50,000 pregnancies, and 1:40 hydatidiform mole cases. Non-gestational choriocarcinoma is independent of pregnancies and less sensitive to chemotherapy compared to gestational choriocarcinoma (4-7). Non-gestational choriocarcinoma is reported as a very rare tumor (4, 8) . Choriocarcinoma in the female genital tract is generally treated as the gestational type. However, when the lesion is in the extragenital organs, differential diagnosis will be difficult based on clinical data alone. Furthermore, since there is little difference in morphological characterizations on pathological examination between the two types of choriocarcinomas, gene analysis is recommended to obtain definitive diagnosis in some cases (9) .
In general, a single DNA strand conformation polymorphism analysis to evaluate short tandem repeat sites is employed for gene analysis of choriocarcinoma using resected lesions following surgery. However, the reliability of this method may be reduced in cases of low amounts of tumor DNA and/or marked contamination by maternal DNA. On the other hand, when gestational carcinomas have originated from male conceptuses, we can prove the presence of paternal genes by detecting Y-chromosome-specific genes.
Based on this background, we here report a case of extragenital choriocarcinoma in the kidney that was successfully diagnosed as a gestational type by detection of the Sex-determining region Y (SRY) gene in needle-biopsied fine tissue samples. The informed consent of this report was obtained from the patient.
Case report
Five months after the second parturition, a 36-year-old woman visited a nearby hospital due to secondary amenorrhea with nausea after obtaining a positive result on a urinary pregnancy test. She had a past history of two normal vaginal deliveries of male babies 4.5 years and six months ago, respectively, and received artificial abortion one time. Although the serum level of human chorionic gonadotropin (hCG) was elevated at 51,800 mIU/ml, a gestational sac was not observed in the uterus or bilateral adnexa by ultrasonography. Computed tomography (CT) and magnetic resonance imaging (MRI) did not detect a gestational sac in the genital tract, but showed abnormal solitary tumor features in the left kidney and right lung (Fig. 1A) . Positron emission tomography-computed tomography (PET-CT) confirmed that both tumor lesions showed a high uptake of 18 F-FDG (Fig. 1B) . Pathological examination by endometrial curettage was negative for an intrauterine conceptus. The ultrasonographic characterization of the renal lesion suggested renal cell carcinoma. Therefore, to determine whether it was metastatic trophoblastic disease or renal cell carcinoma, we biopsied the renal lesion with a fine needle technique ( Fig. 2A) , and obtained a final pathological diagnosis of choriocarcinoma ( Fig. 2B and C) . We chose a chemotherapeutic regimen comprising etoposide, methotrexate, actinomycin-D, cyclophosphamide and vincristine (EMA/CO chemotherapy) and performed 10 courses. The serum hCG level was successfully reduced to less than 1 mIU/ml. The enhanced CT confirmed the size reduction of both tumors with avascular changes. The uptake of 18 F-FDG by PET-CT was also diminished. No sign of recurrence was observed during the 18-month follow-up period.
Although the serum level of hCG has been controlled under the detection limit, we could not obtain a complete response based on CT. Since non-gestational choriocarcinoma was reported to be associated with a poor prognosis (6,10), we needed to determine whether or not these lesions were derived from the conceptus, that is the gestational type. Accordingly, we performed the polymerase chain reaction (PCR) to detect the SRY gene in the needle-biopsied sample. Briefly, DNA was extracted from formalin-fixed 4-tissue sections using TaKaRa DEXPAT Easy (Takara Co. Kyoto, Japan). Using SRY primers (5'-CAG TGT GAA ACG GGA GAA AAC AGT-3'; 5'-TAT AAG TAT CGA CCT CGT CGG AAG-3') (11) and GAPDH primers (5'-GGA GCG AGA TCC CTC CAA AAT-3'; 5'-GGC TGT TGT CAT ACT TCT CAT GG-3') (12), both genes were amplified in 40 cycles. The SRY gene was successfully detected (Fig. 2D) , indicating that this DNA contained Y-chromosome-specific genes.
Informed consent for the use of these tissues in this study was obtained from the patient. Analysis of these samples was approved by the Ethics Committee of the Kanazawa University Graduate School of Medical Sciences.
Discussion
In this case, the malignancy-suspected solitary lesion that can be responsible for the elevation of hCG was also observed in the right lung by enhanced CT and PET-CT (13, 14) . In addition, since the morphological characterization of the renal lesion by ultrasound examination was compatible with that of renal cell carcinoma, we had to rule out the possibility of independent renal carcinoma. Consequently, we tried to biopsy the renal lesion with a fine needle technique. Although the amount of the obtained tissue sample was small, it contained the malignant lesion, and we successfully achieved a final pathological diagnosis of choriocarcinoma. However, the lesion sample was very limited, making it difficult to extract non-contaminated choriocarcinoma-derived DNA samples that were sufficient for the standard analysis of gene polymorphism.
Fortunately, according to the history, this patient had given birth to two male babies in the previous pregnancies, along with one artificial abortion. Furthermore, although the precise amount and purity were unclear, we could prepare DNA samples of choriocarcinoma from the formalin-fixed tissue slices. Consequently, we applied the above method and detected a paternal SRY gene consensus, leading to the conclusion that this case was gestational choriocarcinoma. Both renal and right lung lesion were evaluated as metastases of gestational choriocarcinoma.
Although differences have been reported in the chemotherapy response, genetic origin and prognosis, gestational and non-gestational choriocarcinoma exhibit similar morphological pattern, histopathological classification and biochemical markers (4, 15, 16) . Even with multidrug chemotherapy, a large number of patients with non-gestational choriocarcinoma died from the disease (16) . In non-gestational choriocarcinoma, surgery and treatment with multiple chemotherapy agents are indicated. Therefore, distinguishing these two entities is very important (4) .
The SRY gene is one of the Y-chromosome-specific genes. Therefore, when the SRY gene is detected in DNA samples extracted from choriocarcinoma tissues, we can safely conclude that this lesion is derived from the conceptus, except for the rare cases of chromosome chimera induced by bone transplantation, twin pregnancy, etc. In this context, fluorescence in situ hybridization (FISH) using centromere probe of Y chromosome could be used for this case. However, the weak point of these methods is that they cannot be applied to patients with a history of female delivery and sex-non-determined abortions. Accordingly, the negative detection of the SRY gene cannot lead to a definitive conclusion.
In conclusion, this is the first report that the detection of the SRY gene by PCR is clinically available to diagnose extragenital gestational choriocarcinoma. Since PCR is a more convenient method than gene polymorphism analysis, this method is one of the candidates for alternative techniques when the sample is limited and marked contamination of maternal DNA is expected (17) .
